Two new steroids, dendronesterones D (1) and E (2), featuring with 1,4-dienone moiety, along with three known steroids, methyl 3-oxochola-4,22-diene-24-oate (3), 5α,8α-epidioxy-24(S)methylcholesta-6,22-dien-3β-ol (4), and 5α,8α-epidioxy-24(S)-methylcholesta-6,9(11),22-trien-3β-ol (5), were isolated from an octocoral Dendronephthya sp. The structures of steroids 1 and 2 were elucidated by using spectroscopic methods and steroid 1 was found to exhibit significant in vitro anti-inflammatory activity in lipopolysaccharides (LPS)-induced RAW264.7 macrophage cells by inhibiting the expression of the iNOS protein.
Introduction
Marine invertebrates, particularly octocorals have been well recognized as a rich source of interesting steroid metabolites [1] . In continuation of research into new substances from marine invertebrates collected off the waters of Taiwan, a series of steroid derivatives have been isolated from the octocorals belonging to the genus Dendronephthya (phylum Cnidaria, class Anthozoa, order Alcyonacea, family Nephtheidae), octocorals distributed in the tropical and subtropical waters of the Indo-Pacific Ocean, and some of these metabolites were found to possess interesting bioactivities, such as cytotoxic [2] and anti-inflammatory activity [3, 4] . Recently, chemical examination of an octocoral identified as Dendronephthya sp. resulted in the isolation of two new marine steroids, dendronesterones D (1) and E (2) (Figure 1 ), along with three known steroids, including an antifouling compound, methyl 3-oxochola-4,22-dien-24-oate (3), which was first isolated from a Japanese soft coral Dendronephthya sp. [5] , and two cytotoxic metabolites, 5α,8α-epidioxy-24(S)-methylcholesta-6,22-dien-3β-ol (4) and methylcholesta -6,22-dien-3β-ol (4) and 5α,8α-epidioxy-24(S)-methylcholesta- 6,9(11) ,22-trien-3β-ol (5) [6] (Figure 1 ), which were obtained from various marine invertebrates, such as sea squirts Trididemnum inarmatum [6] and Ascidia nigra [7] , a hard coral Dendrogyra cylindrus [7] , and a sponge Thalysias juniperina [7] . We reported herein the isolation and structural determination of steroids 1-5. The ability of 1-5 to reduce the expression of the pro-inflammatory iNOS (inducible nitric oxide synthase) and COX-2 (cyclooxygenase-2) proteins in LPS (lipopolysaccharides)-stimulated RAW264.7 macrophage cells was determined. (2), methyl 3-oxochola-4,22-dien-24-oate (3), 5α,8α-epidioxy-24(S)-methylcholesta-6,22-dien-3β-ol (4), 5α,8α-epidioxy-24(S)-methylcholesta- 6,9 (11) ,22-trien-3β-ol (5) , and (B) A picture of octocoral Dendronephthya sp. (13.2, 13.2, 4.8, 0.8) 32.8 (CH2) 2.36 ddd (13.2, 4.4, 2.8) 2.45 ddd (13.2, 13.2, 5.2, 1.6) 33 . The new metabolite dendronesterone D (1) was isolated as a colorless oil, and its molecular formula was established as C27H36O5 (unsaturation degrees = 10) from a sodium adduct at m/z 463 in the (+)-ESIMS and further supported by the (+)-HRESIMS at m/z 463.24530 (calculated for C27H36O5 + Na, 463.24550). The 13 C and DEPT spectroscopic data showed that this compound has 27 carbons (2), methyl 3-oxochola-4,22-dien-24-oate (3), 5α,8α-epidioxy-24(S)-methylcholesta-6,22-dien-3β-ol (4), 5α,8α-epidioxy-24(S)-methylcholesta- 6,9 (11),22-trien-3β-ol (5) , and (B) A picture of octocoral Dendronephthya sp.
Results

The new metabolite dendronesterone D (1) was isolated as a colorless oil, and its molecular formula was established as C 27 H 36 O 5 (unsaturation degrees = 10) from a sodium adduct at m/z 463 in the (+)-ESIMS and further supported by the (+)-HRESIMS at m/z 463.24530 (calculated for C 27 H 36 O 5 + Na, 463.24550). The 13 C and DEPT spectroscopic data showed that this compound has 27 carbons ( Table 1) , including five methyls, five sp 3 methylenes, six sp 3 methines, two sp 3 quaternary carbons, five sp 2 methines, an sp 2 quaternary carbon, two ester carbonyls, and a ketonic carbonyl. The IR spectrum revealed the presence of ester carbonyl (1724 cm −1 ) and α,β-unsaturated ketonic (1663 cm −1 ) groups. The 1 H NMR spectra (Table 1) showed the presence of five olefinic methine protons (δ H 6.78, d, J = 10.8 Hz; 6.74, dd, J = 15.6, 10.0 Hz; 6.13, dd, J = 10.8, 2.0 Hz; 6.10, dd, J = 2.0, 1.6 Hz; 5.79, d, J = 15.6 Hz) and an oxymethine proton (δ H 5.17, ddd, J = 10.8, 10.8, 5.6 Hz) . In addition, a carbonyl resonance at δ C 169.7 further confirmed the existence of an ester group. The result of 1 H NMR spectrum analysis indicated an acetate methyl (δ H 2.01, 3H, s). The carbon signals at δ C 156.2 (CH), 125.7 (CH), 186.2 (C), 124.6 (CH), and 167.1 (C) as well as the proton at δ H 6.78 (1H, d, J = 10.8 Hz), 6.13 (1H, dd, J = 10.8, 2.0 Hz), and 6.10 (1H, dd, J = 2.0, 1.6 Hz) were characteristic signals of steroids with a 1,4-dien-3-one moiety in ring A [8] [9] [10] [11] [12] . Figure 2 ). These data, together with the key heteronuclear multiple bond correlation (HMBC) between protons and quaternary carbons, such as H-1/C-3; H-1, H 2 -6, H 3 -19/C-5; H-1, H-4, H-9, H-11, H 3 -19/C-10; H 2 -12, H 3 -18/C-13; and H-22, H-23/C-24, allowed us to establish the molecular skeleton of 1. H-11 (δ H 5.17) showed HMBC to C-10 and acetate carbonyl carbon at δ C 169.7, demonstrating the acetoxy group at C-11. The methoxy group at C-24 was confirmed by the HMBC between the methyl protons of methoxy group (δ H 3.72) and C-24 (δ C 166.8).
Mar. Drugs 2019, 17, x FOR PEER REVIEW 3 of 8 (Table 1) , including five methyls, five sp 3 methylenes, six sp 3 methines, two sp 3 quaternary carbons, five sp 2 methines, an sp 2 quaternary carbon, two ester carbonyls, and a ketonic carbonyl. The IR spectrum revealed the presence of ester carbonyl (1724 cm −1 ) and α,β-unsaturated ketonic (1663 cm −1 ) groups. The 1 H NMR spectra (Table 1) Figure 2 ). These data, together with the key heteronuclear multiple bond correlation (HMBC) between protons and quaternary carbons, such as H-1/C-3; H-1, H2-6, H3-19/C-5; H-1, H-4, H-9, H-11, H3-19/C-10; H2-12, H3-18/C-13; and H-22, H-23/C-24, allowed us to establish the molecular skeleton of 1. H-11 (δH 5.17) showed HMBC to C-10 and acetate carbonyl carbon at δC 169.7, demonstrating the acetoxy group at C-11. The methoxy group at C-24 was confirmed by the HMBC between the methyl protons of methoxy group (δH 3.72) and C-24 (δC 166.8). (Table 1) , including five methyls, five sp 3 methylenes, six sp 3 methines, two sp 3 quaternary carbons, five sp 2 methines, an sp 2 quaternary carbon, two ester carbonyls, and a ketonic carbonyl. The IR spectrum revealed the presence of ester carbonyl (1724 cm −1 ) and α,β-unsaturated ketonic (1663 cm −1 ) groups. The 1 H NMR spectra (Table 1) Figure 2 ). These data, together with the key heteronuclear multiple bond correlation (HMBC) between protons and quaternary carbons, such as H-1/C-3; H-1, H2-6, H3-19/C-5; H-1, H-4, H-9, H-11, H3-19/C-10; H2-12, H3-18/C-13; and H-22, H-23/C-24, allowed us to establish the molecular skeleton of 1. H-11 (δH 5.17) showed HMBC to C-10 and acetate carbonyl carbon at δC 169.7, demonstrating the acetoxy group at C-11. The methoxy group at C-24 was confirmed by the HMBC between the methyl protons of methoxy group (δH 3.72) and C-24 (δC 166.8). (Table 1) , including five methyls, five sp 3 methylenes, six sp 3 methines, two sp 3 quaternary carbons, five sp 2 methines, an sp 2 quaternary carbon, two ester carbonyls, and a ketonic carbonyl. The IR spectrum revealed the presence of ester carbonyl (1724 cm −1 ) and α,β-unsaturated ketonic (1663 cm −1 ) groups. The 1 H NMR spectra (Table 1) Figure 2 ). These data, together with the key heteronuclear multiple bond correlation (HMBC) between protons and quaternary carbons, such as H-1/C-3; H-1, H2-6, H3-19/C-5; H-1, H-4, H-9, H-11, H3-19/C-10; H2-12, H3-18/C-13; and H-22, H-23/C-24, allowed us to establish the molecular skeleton of 1. H-11 (δH 5.17) showed HMBC to C-10 and acetate carbonyl carbon at δC 169.7, demonstrating the acetoxy group at C-11. The methoxy group at C-24 was confirmed by the HMBC between the methyl protons of methoxy group (δH 3.72) and C-24 (δC 166.8). The relative configuration of 1 was elucidated by the NOE correlations observed in a NOESY experiment. H-8 showed correlations with both H3-18 and H3-19, and H3-18 exhibited correlations with H-11 and H-20; therefore, due to the β-orientation of should be positioned on the β-face. Furthermore, NOE responses between H- 14 and H-9, and H-14 and H-17, were observed on the α-orientation of H-9, H-14, and H-17 ( Figure 3 ) (Supplementary Materials, Figures S1-S10). Steroid 2 (dendronesterone E) was isolated a colorless oil and was found to possess a molecular formula C25H34O4, as determined by (+)-HRESIMS at m/z 421.23502 (calculated for C25H34O4 + Na, 421.23493). IR absorptions at 3395, 1720, and 1657 cm -1 revealed the presence of hydroxy, ester, and α,β-unsaturated ketonic groups. Comparison of the 1 H and 13 C NMR data of 2 with those of 1 (Table The relative configuration of 1 was elucidated by the NOE correlations observed in a NOESY experiment. H-8 showed correlations with both H3-18 and H3-19, and H3-18 exhibited correlations with H-11 and H-20; therefore, due to the β-orientation of should be positioned on the β-face. Furthermore, NOE responses between H- 14 and H-9, and H-14 and H-17, were observed on the α-orientation of H-9, H-14, and H-17 ( Figure 3 ) (Supplementary Materials, Figures S1-S10). Steroid 2 (dendronesterone E) was isolated a colorless oil and was found to possess a molecular formula C25H34O4, as determined by (+)-HRESIMS at m/z 421.23502 (calculated for C25H34O4 + Na, 421.23493). IR absorptions at 3395, 1720, and 1657 cm -1 revealed the presence of hydroxy, ester, and α,β-unsaturated ketonic groups. Comparison of the 1 H and 13 C NMR data of 2 with those of 1 ( Steroid 2 (dendronesterone E) was isolated a colorless oil and was found to possess a molecular formula C 25 H 34 O 4 , as determined by (+)-HRESIMS at m/z 421.23502 (calculated for C 25 H 34 O 4 + Na, 421.23493). IR absorptions at 3395, 1720, and 1657 cm -1 revealed the presence of hydroxy, ester, and α,β-unsaturated ketonic groups. Comparison of the 1 H and 13 C NMR data of 2 with those of 1 ( Table 1) suggested that 2 is the 11-O-deacetyl analogue of 1. This was further confirmed by the upfield shifts observed for H-11 (δ H 3.99) and C-11 (δ C 67.9) relative to those of 1 (δ H 5.17; δ C 69.8). The planar structure of 2, including the positions of hydroxy group, carboxylate, and the olefinic double bonds, could be deduced from analysis of 2D NMR spectrum, including COSY and HMBC (Figure 2) . The relative stereochemistry of 2 was established by the analysis of the NOE correlations in NOESY spectrum of 2, as illustrated in Figure 4 (Supplementary Materials, Figures S11-S20 ).
Mar. Drugs 2019, 17, x FOR PEER REVIEW 4 of 8 1) suggested that 2 is the 11-O-deacetyl analogue of 1. This was further confirmed by the upfield shifts observed for H-11 (δH 3.99) and C-11 (δC 67.9) relative to those of 1 (δH 5.17; δC 69.8). The planar structure of 2, including the positions of hydroxy group, carboxylate, and the olefinic double bonds, could be deduced from analysis of 2D NMR spectrum, including COSY and HMBC (Figure 2) . The relative stereochemistry of 2 was established by the analysis of the NOE correlations in NOESY spectrum of 2, as illustrated in Figure 4 (Supplementary Materials, Figures S11-S20 ). The known steroids 3-5 were identified as methyl 3-oxochola-4,22-dien-24-oate [5] , 5α,8αepidioxy-24(S)-methylcholesta-6,22-dien-3β-ol [6, 7] , and 5α,8α-epidioxy-24(S)-methylcholesta- 6,9 (11) ,22-trien-3β-ol [6, 7] , respectively, according to a comparison of their spectroscopic data analysis with the information described in the literature.
Using an in vitro pro-inflammatory suppression assay, the effects of steroids 1-5 on the release of iNOS and COX-2 protein from LPS-stimulated RAW264.7 macrophage cells were assessed. The results of the in vitro pro-inflammatory suppression assay showed that steroid 1 at 10 μM suppressed the expression of iNOS/β-actin and COX-2/β-actin to 24.2 ± 10.6 and 70.4 ± 11.9%, as compared with LPS alone group ( Figure 5 ). Compounds 1-5 did not significantly affect the viability of macrophage cells 16 h after treatments. 15.6 Hz) and an oxymethine proton (δH 5.17, ddd, J = 10.8, 10.8, 5.6 Hz) . In addition, a carbonyl resonance at δC 169.7 further confirmed the existence of an ester group. The result of 1 H NMR spectrum analysis indicated an acetate methyl (δH 2.01, 3H, s). The carbon signals at δC 156.2 (CH), 125.7 (CH), 186.2 (C), 124.6 (CH), and 167.1 (C) as well as the proton at δH 6.78 (1H, d, J = 10.8 Hz), 6.13 (1H, dd, J = 10.8, 2.0 Hz), and 6.10 (1H, dd, J = 2.0, 1.6 Hz) were characteristic signals of steroids with a 1,4-dien-3-one moiety in ring A [8] [9] [10] [11] [12] . 1 H NMR coupling information in the COSY spectrum of 1 enabled identification of H-1/H-2, H-2/H-4 (by a long range W-coupling), H2-6/H2-7/H-8/H-9/H-11/H2-12, H-8/H-14/H2-15/H2-16/H-17/ H-20/H-22/H-23, and H-20/H3-21 ( Figure 2 ). These data, together with the key heteronuclear multiple bond correlation (HMBC) between protons and quaternary carbons, such as H-1/C-3; H- 1, H2-6, H3-19/C-5; H-1, H-4, H-9, H-11, H3-19/C-10; H2-12, H3-18/C-13; and H-22, H-23/C-24 , allowed us to establish the molecular skeleton of 1. H-11 (δH 5.17) showed HMBC to C-10 and acetate carbonyl carbon at δC 169.7, demonstrating the acetoxy group at C-11. The methoxy group at C-24 was confirmed by the HMBC between the methyl protons of methoxy group (δH 3.72) and C-24 (δC 166.8). The relative configuration of 1 was elucidated by the NOE correlations observed in a NOESY experiment. H-8 showed correlations with both H3-18 and H3-19, and H3-18 exhibited correlations with H-11 and H-20; therefore, due to the β-orientation of , and H-20 should be positioned on the β-face. Furthermore, NOE responses between H- 14 and H-9, and H-14 and H-17, were observed on the α-orientation of H-9, H-14, and H-17 ( Figure 3 ) (Supplementary Materials, Figures S1-S10). Steroid 2 (dendronesterone E) was isolated a colorless oil and was found to possess a molecular formula C25H34O4, as determined by (+)-HRESIMS at m/z 421.23502 (calculated for C25H34O4 + Na, 421.23493). IR absorptions at 3395, 1720, and 1657 cm -1 revealed the presence of hydroxy, ester, and α,β-unsaturated ketonic groups. Comparison of the 1 H and 13 C NMR data of 2 with those of 1 ( Table   ) of 2.
The known steroids 3-5 were identified as methyl 3-oxochola-4,22-dien-24-oate [5] , 5α,8αepidioxy-24(S)-methylcholesta-6,22-dien-3β-ol [6, 7] , and 5α,8α-epidioxy-24(S)-methylcholesta- 6,9 (11) ,22-trien-3β-ol [6, 7] , respectively, according to a comparison of their spectroscopic data analysis with the information described in the literature.
Using an in vitro pro-inflammatory suppression assay, the effects of steroids 1-5 on the release of iNOS and COX-2 protein from LPS-stimulated RAW264.7 macrophage cells were assessed. The results of the in vitro pro-inflammatory suppression assay showed that steroid 1 at 10 µM suppressed the expression of iNOS/β-actin and COX-2/β-actin to 24.2 ± 10.6 and 70.4 ± 11.9%, as compared with LPS alone group ( Figure 5 ). Compounds 1-5 did not significantly affect the viability of macrophage cells 16 h after treatments.
Using an in vitro pro-inflammatory suppression assay, the effects of steroids 1-5 on the release of iNOS and COX-2 protein from LPS-stimulated RAW264.7 macrophage cells were assessed. The results of the in vitro pro-inflammatory suppression assay showed that steroid 1 at 10 μM suppressed the expression of iNOS/β-actin and COX-2/β-actin to 24.2 ± 10.6 and 70.4 ± 11.9%, as compared with LPS alone group ( Figure 5 ). Compounds 1-5 did not significantly affect the viability of macrophage cells 16 h after treatments. Figure S21 ). The relative intensity of iNOS/ COX-2 to β-actin bands was normalized to LPS-stimulated group, and cells treated with dexamethasone were used as a positive control. (* p < 0.05, significantly different from the LPSstimulated group). Data are expressed as the mean ± SEM (n = 3 or 4).
Discussion
Dendronephthya spp. have been demonstrated to have a wide structural diversity of interesting steroids that possess various pharmacological properties, specifically in anti-inflammatory activities Figure S21 ). The relative intensity of iNOS/ COX-2 to β-actin bands was normalized to LPS-stimulated group, and cells treated with dexamethasone were used as a positive control. (* p < 0.05, significantly different from the LPS-stimulated group). Data are expressed as the mean ± SEM (n = 3 or 4).
Dendronephthya spp. have been demonstrated to have a wide structural diversity of interesting steroids that possess various pharmacological properties, specifically in anti-inflammatory activities [13, 14] . In our study of Dendronephthya sp., two previously unreported steroids, dendronesterones D (1) and E (2), were isolated together with the previously described marine steroids, methyl 3-oxochola-4,22-dien-24-oate (3), 5α,8α-epidioxy-24(S)-methylcholesta-6,22-dien-3β-ol (4), and 5α, 8α-epidioxy-24(S)-methylcholesta- 6,9(11) ,22-trien-3β-ol (5) . In the present study, the structures of new metabolites 1 and 2 were elucidated by spectroscopic methods and anti-inflammatory activities of steroids 1-5 were assessed using inhibition of pro-inflammatory iNOS and COX-2 release from macrophages. The results indicated that dendronesterone D (1) showed the most potent suppressive effects on iNOS release and steroids 2 and 3 showed more weak suppressive effects on iNOS/β-actin and COX-2/β-actin expression than those of 1. The results suggested that the anti-inflammatory activities of steroids 1-3 were mainly reliant on the functional group at C-11. Furthermore, steroid 5 was found to be inactive in terms of reducing the expression of iNOS/β-actin, indicating that the anti-inflammatory activities of steroids 4 and 5 are dependent on the existence of the carbon-carbon double bond between C-9/11.
